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ABSTRACT
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The Kuder-Richardson formulas 20 and 21, the Livingston, the .
Subkoviak. and two Huynh coefficients were computed for a random
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Kuder-Richardson 2% and 21 coefficients, and with each other; the
Livingston and the¢’ Subkoviak indexes were highly correlated with each
other. 3 two-factdr principle couponents ana1y51s suggested that the -
Subkoviak coefficient measured a test characteristlc that differed
from the classical internal-consistency coefficients. (Author/CTH)
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. | ABSTRACT -

. R e
I S The purpose of thls study was to compare several crlterlon referenced T

* &
re11ab111ty7coeff1c1ents to the Kuder-Rlchardson estlmates and to each other.

The Kuder Richardson formulas 20 and 21, the L1v1ngston, the Subkov1ak and

-

_two Huynh coeff1c1ents (X, k) were computed for a random sample of 33 N

.crlterlon-referenced ‘tests. The. Subkoviak coefficient yielded the_highest:

:

.mean value; Huynh's Kappa y1e1ded the lowest The Huynh K and ﬁ coefficientsﬂ'

-

. were h1gh1y positively correlated with the Kuder Richardson 20 and 21 - R ,%}-
coeff1c1ents, and with each other; the L1v1ngston and the Subkov1ak 1ndexes S

-

were h1gh1y correlated w1th each other. A ‘two-factor prlntlple components

a .
+

“solution suggested that only the Subkov1ak coeff1c1ent measured a test : .

characteiiStic;that differed from the classacal (KR) 1nterna1ucon51stency-

.

. coefficients. < o . : o o L ;\\
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'© INTRODUCTION -~ - ST o |
The reliability of a criterion- referenCed test can be estimated by - ‘
several d1fferent methods, many der1ved from d1ffer1ng theoret1ca1 frameworks

and assumptlons Popham and Husek (1969) and Hambleton and Novick (1973)

p01nted out that c1a551ca1 estlmates of test reliability may be 1nadequate

P

for tests de51gned for. cr1ter1on referenced 1nterpretat1ons or mastery
: deczslons L1V1ngston (1972) proposed a cr1ter10n-referenced re11ab111ty

coeff1c1ent der1ved from a redef1n1t10n of c1a551ca1 measurement theory in

"terms of observedascore dev1at10ns from the criterion score. . The L1v1ngston
: R

'coeff1c1enE/subsequent1y drew cr1t1c1sm from some researchers (Harrls,I1971, ~

Hambleton-and‘Novick; 1%}3). Other_researchers {Hamble;on.and Nov1ck, 1973;

'Swamlnathan, Hambleton, and Algina, 1974) have proposed two-administration.

R

con51stency -of-mastery-decision indexes as approprlate re11ab111ty coeff1c1ents

-,for-criterionrreferenced.tests.; S 11 others have presented 51ng1e adm1nlstrat10n
. oo .

indexes of consistency-of-decision re1iab111ty (Marshall and Haertel, 1975,

t

_Subkoviak, 1977;°Huynh,_1977).

~Slng4e Adm1nlstratlon Re11ab111ty Coeff1c1ents
3 ~ : - N
The Kuder-ﬁlohifdson ﬁormula 20 re11ab111ty coeff1c1ent (Kudér and .

Richardson, 1937) is glyen by: L . '

R L o . LW
K- ’ - z . ’ . ' . Q '}
T = — (i -2 S ¢S .
' Mo ML sg X :
" “where: "

nuﬁpyr of test items

— K T >
. : Ji-pq = item variance . . .
8 2 s :

’ 'S = test variance . ‘
. ) "1541_0 X. ( - . o .’ . v 0

) = K T L o .-

5 -I -e oz - [ . ! . ~e
- The Kuder Rlchgrdsoh Fofﬁ#ia 21 reliability coefficient (Kuder and * e,
Richardson, 1937) 1s glven‘by t : - _ “
) R R ' \.
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X K N R
. X, (K-X). :
' . X, = a - L&D, e :
21 K-1 KS:- - \
t N x K}
. 3 i " . ,
where: ] . .
. ] ) V- . ’\ .
X = test mean T . A R
“Livingston (1972) derived. a criterion-referended reliability cb- N
A - . ' .. . L, . e
-, : : : | . . S Y TS oo Coe
efficient as a correction of classical reliability: : . B . ‘. "
| r_ s+ (&-0° AP
. XX X . ' . . c g
.= — . . 3y . 0
cc L2 o a2 e e : A
S, v+ xX-0 3 T L o '
'y . ) \'\_.’-—.l;: -
where: _ ‘ . R IRTREI
" . . - . * .
- o o Y g . .
T x classical test ;ellablllpy ? . .
C = .criterion score . 7 o ) v
"It should be noted that if X = C, fcc will, of'cohrse,'beféqual tor,., -
" The Subkoviak group coefficient of agreement (Subkoviak, 1977) is the-
‘mean of -the individugl’coeffigients of agreement’(pl): ’ ' °
e : ‘ . \ : . , ° “
A9 . . ' z pi . . . ‘;- - " ’ i ,
. J-Pac. = C —.‘ ‘ . b -l '(4):\‘ . .
.'0-\\/ ) N . ) - ‘ \ : ' e
T R ,
. ‘ where: s .
“ . o . . . . /
L PZ. = the coefficient -of agreement; for person i.’
Huynh (1977)_prbvi§és_;wo consistency of_classifidag?on'indexes: ;
Y ’ ) ¢ .
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TSI 'k='(.— LD oy - D (5).
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N ' ~ where': . ) RN . -
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oo . P = TECGY) o ; Lo
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T, 4 P, = £(X) -0 ' /-
g . . P i o .
oo R | t . | v
and, when'K‘>’IQ;'u . v _ .
A e 2 o
ST ky=:{Pog = Pg) /- (B = Pg)
& 3 /ﬁhere s ¢ .
. . : s l'j*ﬁ
) Tou ¥ ' . : . v g2
) * Poo = T E(X, V) IR ‘ .
' N o
P, = L £(X) g
L v " ' ﬁ +
OBJECTIVES OF THIS STUDY - | J
Jh1s study proposed to compare empirically the six 51ng1e administration
reliability coefficients for their usefulness in criterion referenced testlng
o ;)ril.',The Kuder- Richardson 20 coefficient | . ,! ‘; fhf .

‘%. 2. The Kuder-Richardson 21 coefficient

-9 3, -fhe Livingston (r..) coefficient’

1 S
" ; 4. ‘The Subkoviak (Pc) Group Index of Consistency s
P4 .. b4 ‘- ’ :
3 - - ! L ) . . s .
2 :5. The Huynh Index_of Consistency - (K) =~ - . : o
' '6; The‘thnh_Iﬁdex of Consistency (k) //1
R . . 3 v T X ,? _-v
2Huynh presents formulas for the- estimation of p11 and p1 based on a -beta-
binominal model.
f' 3 and p_ are evaluated by reference to univariate and bivariate normal “
e Eggles, agter Gupta (1963) e - — - :
] s ‘ ‘ o - . ' - ' N
. .>‘ % , . 5 . e Q . : o R B "u - ‘



Data Source

. . The data for this study were 33 achievement examinations; these ewaminhations
~ - - .. "

represent a rgrdom sample of.objective format (three-to-five option multiple-
‘ ch01ce) criterion- referenced (mastery) exam1nat10ns from undergraduate teacher

education classes, medical school c1aSses and state wide assessment tests.

A

ot 'I'he number of examlnatlon items ranged from 5 to 143, with a mean of 38.9

items. The number of subJects‘taklng these tests ranged»from(S to 1110
: Lo ) rf’ ‘. :
with a mean of 209.9. These examinations/had standard deviations' from 0.98 to

12.19. Ayerage item d1ff1culty was .26 (proportion incorrect3 with a range
’

of .12 to 41 wh11e average 1tem dlscr1m1nat10n (D) was .24 w1th a range of

- :
. !

14 to 47, -t S } .
. ’ L Do e A S ‘ —
Methods; LT e T

‘ " 4
Each of the slx rellaﬁxllty coeff1c1ents was computed for each examlnatlon.

The Kuder- R1chardson 20 re11ab111ty coefflclent (and otﬂér standard 1tem
. ‘ : T
) ana1y51s data) were computed for these exams by standard scoring routines. -
N R
All Other re11ab111ty coefflclents were_domputed hy a spec1a1 computer program P
E : g - | : -

1 - .
Lo . . . L -

written for thisv:i',tudy"'4 A &orrelational analysis was then carried out off®

‘these data, addlt}onally, a factor ana1y51s was performed to determ1ne the

' unlqueness of coeff1c1ent contrlbutlon to the total var1ance.' .

t
*

§ . -~ R B ) » . . - . e . . .‘
Results . el .“24 L . o . B
Jesults H ‘ ML .

* e . '

L v
Table 1 showd that the Huynh K,hAS the lowest absolute numer1ca1 mean

. . i &
valuer whlle SubkoV1ak's P has\the hlghest numer1ca1 mean value. Table 2

s presents the 1nter—corre1atr0n of &hese re11ab11;ty coeff1c1ents. : ;WT

o : ) R . VI .
. ; . . . -
L . ; I
. L . 9, ". B ! / PR
« oo RN VN ) .
L] . e i . . f . v o

L3

*The authors ﬁish‘to.acfhomiedgéﬁMhry Yuen for programming assistance.
: . ’ : "‘ R - *




; ‘a’ N f
o " .. Tablel
' _;‘:,__ . @ . _“.- . . - o
3% . ' _Reliability Coefficients for 33 Tests
' Coefficient . Mean : s.D. | ‘Range
2 : ' :
 KR20 . .544 - .226 .195 to .923
KR21 ' .350 359  °  -.358 to .87Q -
. ARD
Kappa (K) o .241 L .257 -.177 to .680
- A . . 7
Kappa Estimate (k) .322 .205 .063 to .644
Tee .605 A .275 - -.064 to .900
P, « .802 . .18 - .580 to .975
‘ . N
“Table ‘2
“ 2y .
~ Correlation Matrix of Coefficients
KR20 KR21 . K K o1
\
. &»
KR20 . - 1.0 ) 'J
KR21 .949 1.0
| . <
K - .961 .978 1.0
kKo .974  .996" .993 1.0
“r .693 .644 .590 562 1.0 % -
cc : ‘ y
P, .393 .298- .226 .147*  .833 1,
| .
*NS; all others, p < .10
. »
3 \ |
9. ]
s .. 8
o |
B J
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o A_arinciple components factor solution and an orfhogonally
o ‘ ’ | : |
“"“rotateéd, factor solition are presented in Tables 3 and 4. Factor 1 (unrotated) -

4

’ ° . . . i /
~accounts for 73.4 percent of the total variance while the second faCtii//

= ;*‘ accounts for 25.4 pefcent of the &ariance. 7
. - " * ) ‘
: Table 3
1
; Principle Factor Solution
o “n = 33 Exams
[t , Factor 1 Factor 2
© T KR20 .9728 -.1075
. KR21 9761 -.2026
K .94%1 . -.3120 ]
k . .9782 / -.2084
F_ .7162 ‘ .6794
R : L ‘
P - _ .3466 . .9090
') > . i
e : . .
Table 4 |
- ngimax—Rbféted Factor Solution T
h : ' n = 33 Exams "
- . ) n - | -Fagtof 1. ‘Factor 2
JKR20 - 9442 - .2575
" . KR2 '.9823 T 1702
v ‘. ‘e o : o ) b. _,-/ N I
K S T L9955 . _ .0578
' K\ ) .9564:"' . .1656 Lo “ - }
o Tee. - ="'.4'16'S. -, | .8950 .
u'“ T R e . : L‘
ERIC . - "~ o I
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The pr1nc1p1e components analysis suggests that the Huynh coefficients

(K aﬁi‘k) and the L1v1ngston Coeff1c1ent (r ) share a great deal in common
W1th the classical Kuder-Richardson internal ‘consistency reliability

estimates, while the Subkoviak coefficient appears to be indexing a test quality

@

that differs from the Livingston/Huynh/Kuder—Richardsoﬁ_formulas.

4 v

Discussion

Since all coefficients except the Subkoviak Pé load on the. (unrotated)

»

. internal conéistency factor invthis study, it apbears that for eriteridp- -
referenced tests like those in this sample,.it wbuld make little difference .
whether one uses a classical reliability_estimate; the -Huynh indekesi'or
the Livingston eoefficient to eesess overall examination quaIify. All of
these coefficients app;ar-to be indexirg very similar test qddlities ard one,’
therefore, has a basis for arguing thet'the{claésical coefficient$ are as
appropriate for criterion-referenced tests as the Huynh or Livingston criterion-

referenced indexes.

The Livingston Coefficient,'rcc, derived directly from classical test

theery, loads on both factors'and loads highest in the Varimax solutieﬁ on
the SukaV1ak factor. This suggesu§ that the L1v1ngston coefficient may be

‘1nxermed1ate to the classical and The’ Crlterlon referenced coefficients. Thls

‘

'result also suggests that the Livingston r__ may be more- useful for criterion-
. ' I .

cc

referenced reliability than its critics»have éllowed. -

The Subkoviak coefficient does seem to be 1ndéx%ng a test attrlbute

°

different from the other coefficients’ cons;dergd. Therefore, it may be

cessary and desirable to compute both an internal-consistéhcy_reliability
‘.estlmate (or K) and the Subkoviak P_or the L1v1ngston T.c for criteribn-
3 : - " '

. referenced tests. 'Yet, these results do support the usefulness of the Q‘




_attempt to replicate these results for various homogeneous ranges of item

- . ) g - ’

- ]
-

__ : . .
familiar Kuder-Richardson formula 21 coefficient with criterion-referenced

. 3 R o ‘ o . o
. examinations. This finding may encourage the qriterion:referenced,examlﬁatlon .

. 'S ) . ]

user who does not have access to sophisticated computer facilities. . .2
. T r
. . . \ - '

Further Research \. :

LN

The generalizability of the findings in this study is possibly limited ",

by the heterogeneity of the tests in this sample with respect to test length.

Further research is ind€cated, with larger /fsamples of tests that are more

homogeneous with respect to test length. Additionally, it is important to

" -

difficulties and discriminations.” . ‘ . __ -
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